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Excised maize roots were grown in liquid medium until they 
were well developed. Thereafter they were transferred to 
fresh liquid medium to which 14C'adenine had been added. 
After one, three and six days roots and the respective 
media were harvested and analysed separately for cytokinin 
activity. Within one day of culture 94% of the recovered 
radioactivity was present in the roots themselves indicating 
that the adenine was, in fact, readily taken up by the roots. 
Rapid metabolism of the applied adenine took place and 
after six days only 6% of the total radioactivity recovered 
was still associated with adenine. However, neither TLC nor 
HPLC techniques provided any evidence of the presence of 
free or bound cytokinins. Two of the six peaks of radio· 
activity initially detected after Sephadex LH·20 
chromatography appeared to be adenine nucleotides . There 
was no evidence of any cytokinin nucleotides being 
present. 
S. Afr. J. Bot. 1986, 52: 85 - 90 
Mielieworlels is in vloeibare medium gekweek totdat hulle 
goed ontwikkel was. Daarna is hulle na vars vloeibare 
medium wat 14C-adenien bevat het, oorgeplaas. Na een, 
drie, en ses dae is die worlels en media geoes en 
individueel vir sitokinien·aktiwiteit geanaliseer. Binne die 
bestek van een dag is 94% van die herwinde radioaktiwiteit 
in die worlels gevind. Dit dui daarop dat die adenien 
geredelik deur die worlels geabsorbeer is. Die geabsor-
beerde adenien is vinnig gemetaboliseer en na ses dae het 
slegs 6% van die totale radioaktiwiteit wat herwin is met 
adenien gechromatografeer. Ondanks hierdie feit het neg 
dunlaagchromatografie neg hoedrukvloeistofchromatografie 
enige aanduidings gegee dat vrye of gebonde sitokiniene in 
die worlels teenwoordig was. Twee van die ses radioaktiewe 
pieke wat na Sephadex LH-20 kolomchromatografie gevind 
is, was waarskynlik adeniennukleotiede. Geen aanduiding 
van die aanwesigheid van enige sitokiniennukleotiede is 
egter gevind nie. 
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Introduction 
Although plant roots are regarded as a major site of cytokinin 
biosynthesis a close scrutiny of the facts reveals that this 
postulated function of roots is based largely on circumstantial 
evidence. This includes the fact that cytokinin-like activity has 
been detected in roots (Short & Torrey 1972; Feldman 1975), 
that cytokinin-like activity in explants increased with root 
initiation and development (Engelbrecht 1972; Forsyth & Van 
Staden 1981), and that root exudate which contained cytokinin-
like activity is produced from decapitated roots for a consider-
able period of time (Itai & Vaadia 1971; Van Staden & Davey 
1976). While shoot explants or callus derived from shoot 
material do seem to have the capacity to synthesize cytokinins 
(Chen & Petschow 1978; Stuchbury et al. 1979; Barnes et al. 
1980; Nishinari & Sy6no 1980) similar types of experiments 
in which labelled adenine and adenosine were fed to aseptic 
root cultures met with varying degrees of success. In maize 
roots labelled compounds with similar chromatographic 
properties to those of the free cytokinins were not detected 
when young radicles were cultured on a solid agar medium in 
the presence of radioactive adenine or adenosine for 42 days. 
This, despite the fact that cytokinin-like activity was detected 
in cultured roots (Van Staden & Forsyth 1984a). In contrast 
tomato roots cultured for 12 days did incorporate adenine 
into compounds with chromatographic properties similar to 
those of zeatin, ribosylzeatin and glucosylzeatin (Van Staden 
& Forsyth 1984b). Where detached bean leaves were supplied 
with labelled adenosine and allowed to root none of the radio-
activity recovered was associated with the free cytokinins (Van 
Staden & Forsyth 1985). No evidence could be found that 
the radioactivity detected in the laminae was associated with 
dihydrozeatin-O-glucoside, previously identified as the major 
cytokinin present in the leaves of decapitated beans (Wang 
et al. 1977; Palmer et al. 1981). Neither did the newly formed 
roots which developed on the petioles appear to contain any 
labelled zeatin-O-glucoside which is reported to be the 
principal biologically active cytokinin present in bean roots 
(Scott & Horgan 1984). 
From these results it is clear that additional evidence is 
required to support the postulated significance of roots as sites 
of cytokinin biosynthesis and to eliminate apparent dis-
crepancies between isolated maize and tomato roots. It was 
thought that a major problem in the previous study (Van 
Staden & Forsyth 1984a) could have been that relatively low 
levels of the supplied radioactivity were actually taken up by 
the root systems cultured on an agar medium. In this investiga-
tion well developed maize roots were exposed to labelled 
adenine for shorter periods of time in a liquid medium to 
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establish the extent, if any, of adenine incoqx)fation into 
endogenous cytokinins. 
Materials and Methods 
Kernels of Zea mays L. cv. Hickory King were surface 
sterilized, germinated, the radicles excised, and the sterile roots 
then cultured for six weeks in a half-strength Miller's (1965) 
liquid medium containing 2070 sucrose and no hormones. At 
the end of the six week period the well developed root systems 
were transferred aseptically to flasks containing fresh half-
strength nutrient medium to which was added (U_14C) adenine 
(specific activity 2,04 GBq mmol- 1, Amersham). These root 
systems (6 per flask) were then incubated for 1, 3 and 6 days 
in a low light intensity at 25 ± 2°C on a rotary shaker (20 
r.p.m.). A second group of roots was cultured in the same 
way but in the absence of 14C-adenine. These roots were later 
used for bioassay purposes. At harvest the roots and media 
were collected separately. The remaining media were frozen. 
The roots were weighed, frozen and stored at - 20°e. After 
thawing, the roots were homogenised in 80% ethanol and the 
ethanolic extracts obtained after filtration extracted for 
cytokinins using Dowex 50 cation exchange resin (Van Staden 
1976b). The media were also thawed and extracted with 
Dowex 50. The cold extracts were separated on paper (iso-
propanol : 25% ~OH : water, 10:1:1 v/v) and the 
radioactive extracts on a Sephadex LH-20 column using 35% 
ethanol as eluant (Armstrong et al. 1969). The cold extracts 
were used for the detection of biological activity (Miller 1965). 
Of the material treated with labelled adenine a small aliquot 
(l cm3) of each 40 cm3 fraction collected from the Sephadex 
LH-20 columns was used for scintillation counting (Van Staden 
& Forsyth 1984a). The remainder of each fraction was dried 
in a stream of air and stored for subsequent enzymatic or 
chemical treatment, TLC, of HPLC analysis. 
Results 
As reported previously (Van Staden & Smith 1978; Van 
Staden & Forsyth 1984a) cytokinin-like activity was detected 
in the Dowex extracts obtained from both the roots and the 
medium within which they were cultured (Figure 1). On paper 
this activity co-chromatographed with zeatin, ribosylzeatin, 
glucosylzeatin and their respective dihydro derivatives from 
which they could not be separated by the chromatographic 
system used. 
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Figure 1 Cytokinin-like activity detected in the Dowex extracts of in 
vitro cultured maize roots (A) and the medium (8) in which they were 
cultured for 6 weeks. Extracts from 10 g fresh maize roots were 
separated with isopropanol: 25070 N~OH:water (10:1:1 v/v) and 
biological activity in each Rf zone determined with the soybean callus 
bioassay. The broken line indicates the activity recorded with 1 Ilg dm - 3 
kinetin. ZG - glucosylzeatin; ZR - ribosylzeatin; Z - zeatin. 
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When subjected to Dowex 50 purification 98,7% of the 
labelled adenine used as a control was retained and could be 
recovered from the cation exchange resin. Fractionation of 
the recovered radioactivity on a Sephadex LH-20 column 
resulted in the detection of a single radioactive peak which 
co-eluted with authentic adenine. This indicated that the 
adenine used contained no spurious radioactive compounds 
and that adenine could be recovered efficiently using the cation 
exchange purification procedure. 
With time the total amount of radioactivity recovered from 
the media and roots decreased (Table 1). After six days of 
Table 1 Total radioactivity 
( x 106 d pm) detected in the 
media and ethanolic extracts of 
the maize roots after different 
periods of incubation in the 
presence of (U_14C) adenine 
Incubation time (days) 
Roots plus media 
Medium only 
10,01 
136 
9,90 5,83 5,58 
incubation only about half of the radioactivity initially applied 
to the roots was recovered. No attempts were made to establish 
to what extent this decrease could be accounted for by salvage 
reactions resulting in the incorporation of adenine into nucleo-
tides and nucleic acids or by degradative metabolism whereby 
14COZ could be released (Ashihara 1983). Analysis of the 
distribution of the recovered radioactivity indicated that 
irrespective of the percentage recovery or length of the 
incubation period upwards of 90% of the detected activity 
was present in the roots (Table 2). Within the roots most of 
Table 2 Distribution of recovered radio-
activity (expressed as a percentage of the 
total dpm detected) in the roots and 
media and their respective Dowex 50 and 
aqueous fractions after different periods 
of incubation in the presence of (U_14C) 
adenine 
Component 
Fraction Incubation analysed and 
time (days) 070 recovery Dowex Aqueous 
Roots 94,2 46,6 53,4 
Medium 5,8 57,9 42,1 
3 Roots 93,2 49,6 50,4 
Medium 6,8 68,4 31,6 
6 Roots 94,7 18,5 81,S 
Medium 5,3 67,1 32,9 
this activity was present in the aqueous fraction (not retained 
on Dowex 50), particularly after six days of incubation when 
the value increased to 81,5%. In contrast most radioactivity 
in the medium was found to be associated with the Dowex 
fraction. 
Sephadex LH-20 fractionation of the Dowex and aqueous 
fractions -of the roots indicated that the applied (U.14C) 
adenine was rapidly metabolized by the root cultures. After 
one day of incubation four radioactive peaks were detected 
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Figure 2 Radioactivity (dpm) detected in the Dowex (A) and aqueous (8) extracts of maize roots cultured in the presence of (U_ 14C) adenine 
for one day. The extracts were fractionated on a Sephadex LH-20 column using 35070 ethanol as eluant. Of each 40 cm3 collected 1 cm3 was 
used for radioassay purposes. ZG - glucosylzeatin; ZR - ribosylzeatin; Z - zeatin; Ado - adenosine; Ade - adenine. 
in the Dowex fraction and two in the aqueous fraction (Figure 
2). Of the four peaks of radioactivity detected in the Dowex 
extracts the one which co-eluted with adenine, zeatin and 
dihydrozeatin (560 - 640 cm3) decreased with time while the 
radioactivity associated with the remaining three polar peaks 
increased (Table 3). Of the two peaks in the aqueous extracts 
the one with an elution volume of 360 - 440 cm3 increased 
with time while the more polar peak (160 - 320 cm3) 
decreased. 
Table 3 Radioactivity (percentage of total recovered) 
associated with the various peaks detected in the 
Dowex 50 and aqueous fractions obtained from maize 
roots cultured on (U_14q adenine for different periods 
of time. All extracts were fractionated on a Sephadex 
LH-20 column with 35% ethanol as eluant 
Elution volume Incubation time (days) 
of radioactive Fraction 
peak (cm3) analysed 3 6 
120-200 Dowex 11,6 7,3 14,5 
240-320 Dowex 14,3 26,9 29,6 
360-480 Dowex 10,8 18,5 28,1 
560-640 Dowex 36,5 29,8 6,0 
160-320 Aqueous 59,7 37,1 12,8 
360-440 Aqueous 30,5 47,8 79,4 
To obtain more information about the nature of the 
respective radioactive peaks detected in the Dowex and 
aqueous extracts from the roots (Figure 2) the individual peaks 
were subjected to further enzymatic, chemical, TLC and/or 
HPLC techniques. 
The peak (peak 4; elution volume 560 - 640 cm3) which 
co-chromatographed with adenine, zeatin and dihydrozeatin 
(Figure 2) was subjected to HPLC analysis. Irrespective of 
the number of days the roots were incubated only a single 
radioactive peak, which co-eluted with adenine was detected 
(Figure 3). No radioactivity was found to be associated with 
zeatin or its dihydro derivative. 
All the remaining peaks of radioactivity detected in the 
Dowex extract (peaks 1- 3; Figure 2A) and aqueous extracts 
(peaks 5 and 6; Figure 2B) were treated with either p-gluco-
sidase (Van Staden 1976a), alkaline phosphatase (Van Staden 
et·al. 1972) or acid (Dyson et al. 1972). After treatment the 
recovered fractions were chromatographed against untreated 
aliquots of each peak. Both TLC (Merck PF254 silica gel; 
upper phase, n-butanol: 25070 ~OH : water, 6:1:2 v/v) and 
HPLC techniques were used to establish to what extent the 
treatments affected the chromatographic properties of each 
peak. 
The most polar peak detected in the Dowex fraction (peak 1; 
elution volume 120-200 cm3; Figure 2A) was not affected 
by any of the above treatments. Peak 2 in the Dowex fraction 
(elution volume 240 - 320 cm3; Figure 2A) was affected both 
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Figure 3 Separation of authentic adenine derivatives (A) and radioactive peak 4 (Figure 2; elution volume 560 - 640 cm') (B) by reversed-phase 
HPLC Column Micropak MCH-5 (5 jlm, CIS bonded, 150 x 4 mm i.d.); flow rate I cm3 min - I; mobile phase water to 4070 acetonitrile over 
10 min then to 30070 acetonitrile over 20 min. Absorbance was recorded at 265 nm. One cm3 fractions of the root samples were collected and 
the radioactivity ( .. --... dpm) assessed by adding 4 cm3 Ready-solv EP scintillation cocktail to each and counting with a Beckman LS 3800 scintillation 
counter. Ade - adenine; tZ - trans-zeatin; DHZ - dihydrozeatin. 
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Figure 4 Separation of authentic adenine derivatives (A) and radioactive peak 2 (Figure 2; elution volume 240 - 320 cm3) without any treatment 
(B) and after treatment with alkaline phosphatase (C). Column Hypersil 5 ODS (5 jlm CIS bonded, 250 x 4 mm i,d,); flow rate 1,5 cm3 min - I; 
mobile phase water to 4070 acetonitrile over 10 min then to 30070 acetonitrile over 20 min. Otherwise as for Figure 3. Ado - adenosine; tZR 
- trans-ribosylzeatin; cZR - cis-ribosylzeatin. 
by alkaline phosphatase and acid hydrolysis. Untreated aliquots 
of this peak yielded radioactivity at Rf 0- 0,1 on thin layer 
silica gel plates. Following alkaline phosphatase and acid treat-
ment a considerable proportion of the radioactivity shifted 
to Rf 0,2 - 0,3. HPLC analysis of the untreated material 
yielded a single peak of radioactivity (Figure 4B) which did 
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not co-chromatograph with any of the available markers. 
After alkaline phosphatase treatment three peaks of radio-
activity were detected (Figure 4C). The smallest of these peaks 
co-chromatographed with adenosine. No radioactivity was, 
however, associated with the free cytokinins. Similar results 
were obtained after acid hydrolysis. B-Glucosidase treatment 
did not affect the chromatographic properties of this radio-
active peak. From the results obtained with alkaline phos-
phatase it would appear as if nucleotides were associated with 
this peak. No evidence was, however, found for the presence 
of cytokinin nucleotides which have been suggested to play 
an important role in cytokinin biosynthesis (palni et al. 1983). 
If the detected radioactivity was due partly to nucleotides this 
activity would be expected to occur in the aqueous fraction 
which will be dealt with later. 
Peak 3 (Figure 2A; elution volume 360 - 480 cm3), which 
co-eluted with adenosine and ribosylzeatin, was not affected 
by B-glucosidase or alkaline phosphatase treatment. High per-
formance liquid chromatography revealed that about 50070 of 
the recovered radioactivity co-chromatographed with 
adenosine. The remainder was associated with a more polar 
peak with a retention time of 2,2 min. The results obtained 
with respect to the nature of the four radioactive peaks detected 
in the Dowex fractions were similar irrespective of the time 
for which the roots were incubated in the presence of labelled 
adenine. 
Of the two peaks of radioactivity detected in the aqueous 
fractions of the roots the chromatographic nature of the most 
polar peak (peak 5; elution volume 160 - 320 cm3; Figure 2B) 
was not affected by any of the chemical or enzymatic treat-
ments outlined earlier. The second peak (peak 6; elution 
volume 360-440 cm3; Figure 2B), which in time became the 
major radioactive peak in the aqueous fractions , was not 
affected by B-glucosidase. Treatment with alkaline 
phosphatase did result in the subsequent detection of radio-
active compounds which co-chromatographed with adenosine. 
This suggests that part of the radioactivity associated with this 
peak was due to adenine nucleotides. No evidence was, how-
ever, found that cytokinin nucleotides were present. 
The extracts obtained from the culture medium contained 
only a small proportion of the total radioactivity recovered 
(Table 2) . This radioactivity, irrespective of whether associated 
with the Dowex or aqueous fractions, never provided any 
evidence that it was due to cytokinin nucleotides or any of 
the free cytokinin ribosides or bases. 
Discussion 
It is generally accepted that roots produce cytokinins and that 
these compounds are then transported to the shoots where 
they influence many of the physiological growth phenomena 
(Van Staden & Davey 1979). Maize kernels are a rich source 
of endogenous cytokinins (Letham 1973). Therefore if adenine 
is one of the precursors for cytokinin biosynthesis (Burrows 
1978; Chen & Petschow 1978; Stuchbury et al. 1979; Nishinari 
& Syono 1980) it would not be unreasonable to expect that 
maize roots, and roots of other plants for that matter, should 
be able to incorporate it into the free cytokinins. In previous 
studies using isolated maize roots (Van Staden & Forsyth 
1984a) and rooted bean leaf explants (Van Staden & Forsyth 
1985) no evidence for such incorporation could be found. In 
contrast some radioactivity was found to be associated with 
free cytokinins when isolated tomato roots were grown in the 
presence of labelled adenine (Van Staden & Forsyth 1984b). 
In this investigation which was conducted with actively 
growing root systems, compared to young radicles (Van 
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Staden & Forsyth 1984a), for short periods of time in liquid 
culture, again no evidence was obtained for the incorporation 
of adenine into free or bound cytokinins. The roots did 
metabolise the applied adenine rapidly and it would appear 
as if both 'salvage' and 'degradative' metabolism (Ashihara 
1983) occurred. 
Different plant organs such as leaves, stems and roots have 
been reported to have different capacities with respect to 
cytokinin metabolism (Palmer et al. 1981; Scott & Horgan 
1984). There is no reason why similar differences should not 
exist with respect to biosynthesis. The apparent differences 
in adenine utilization by maize and tomato roots may possibly 
be related to the anatomical and genetic differences between 
these two plants. Hansen et al. (1984) measured concentrations 
of zeatin and ribosylzeatin along the length of the maize stem. 
Overall, cytokinin levels were found to be highest in immature 
regions of the stem near the plant apex. However, within each 
stem node a gradient of cytokinin levels was found, the levels 
being higher at the apical end, the region which included the 
intercalary meristem. Therefore, it may be that the relatively 
poorly developed root system of the maize plant is not a major 
source of-cytokinins and that, in fact, meristematic regions 
of the stem are responsible for a large percentage of the 
cytokinins detected in immature maize kernels. If this is the 
case it may be an over-simplification to assume that all roots 
necessarily produce significant amounts of cytokinins or 
supply the total needs of the shoot. 
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